Thioredoxin and glutaredoxin are small proteins with a redox-active disulphide/dithiol in the active site (Holmgren, 1985) . Both exist in Escherichia colias well as in mammalian cells, and were originally isolated as hydrogen donors for ribonucleotide reductase (Holmgren, 1986) . This essential enzyme is required in all cells to produce deoxyribonucleotides, which are the precursors for synthesis of DNA de nova Through research on glutaredoxin and thioredoxin for more than 10 and 20 years, respectively, we have gained a considerable amount of information regarding the structures and functions of these proteins. However, the identity of the hydrogen donor for ribonucleotide reductase in vivo in different organisms has not yet been established.
An outline of the reactions leading to production of deoxyribonucleotides via either the thioredoxin or glutaredoxin system is shown in Fig. 1 . The reducing equivalents are stored in NADPH and are transferred via a series of redox-active disulphides to form deoxyribose. Note that the final acceptors have been assumed to be redox-active disulphides of protein B 1 of ribonucleotide reductase. The function of thioredoxin or glutaredoxin as presented in Fig.  1 , is thus to reduce a protein disulphide in the active centre of the enzyme. It has been found that both thioredoxin and glutaredoxin will also catalyse reduction cf other disulphides. For thioredoxin this property has been quite extensively used, and a variety of proteins have been shown to contain susceptible disulphides (Holmgren, 1985) . A useful property of the thioredoxin system as a reductant is that the reaction can be followed spectrophotometrically (Holmgren, 1984) . By recording the consumption of NADPH at 340 nm, quantitative data on the course of reduction of disulphides in the micromolar range can be obtained. For glutaredoxin the general disulphide reductase activity is expressed in its capacity to be a GSH : disulphide transhydrogenase (Holmgren, 1979) . A convenient assay for glutaredoxin is thus to follow the reduction of 2-hydroxyethyldisulphide (HED) . Both glutaredoxin from E. coli and calf thymus have this GSH : disulphide transhydrogenase activity. In this respect glutaredoxin shows the same activity as enzymes with GSH : disulphide transhydrogenase (or thiol transferase) activity (Meister & Anderson, 1983 and Mannervik, 1986) . The primary structure has been determined for glutaredoxin from E. coli (Hoog et al., 1083) and calf thymus (Klintrot et al., 1984) . Both these glutaredoxins have the active centre sequence: Cys-Pro-Tyr-Cys in common. E. coli glutaredoxin consists of 85 amino acid residues, whereas calf thymus glutaredoxin has 101 residues. There is a 31%) overall residue identity in the two proteins. Regarding the relationship between glutaredoxin and GSH : disulphide transhydrogenases, the primary structure of pig liver thiol transferase was recently reported (Gan & Wells, 1987) . Pig liver thiol transferase was found to exhibit a strong homology to calf thymus glutaredoxin. However, the active centre sequence in pig thiol transferase was Cys-Pro-Phe-Cys and the peptide chain contained 105 residues. This difference is due to insertion of a tetrapeptide in the structure as compared to calf thymus glutaredoxin. It is thus not yet clear if glutaredoxin and the cytoplasmic thiol transferase are identical molecules. At present, the evidence favours their being closely related isoenzymes. This would also be in line with the presence of carbohydrate in thiol transferase (Axelsson et al., 1978) which has not been found in glutaredoxin.
The thioredoxin system from mammalian cells has certain properties that make it clearly different from the E. coli counterpart, see Table 1 . Thus, thioredoxin from calf thymus has two additional structural thiol groups in the C-terminal part of the structure (Engstrom et al., 1, 974) . Recently, the primary structure of calf thymus thioredoxin was determined (A. Holmgren, C. Palmberg & H. Jornvall, unpublished work). Calf thymus thioredoxin has half-cystiqe residues in positions 31, 34, 61 and 72 in a peptide chain with 104 residues. Upon air oxidation of a fully reduced form of calf thymus thioredoxin, two disulphides are formed both within one molecule. Fully oxidized thioredoxin molecules are enzymically inactive as a substrate for thioredoxin reductase Fig. 1 
. Oiitline of the reuction mechanism of reduction of ribonucleotides via the thioredoxin system (top) und the glutaredoxin system (bottom)
The genes in E. coli coding for the protein are indicated in parentheses. For glutathione g.shA denotes y-glutamyl-cysteinyl synthetase and gshH denotes glutathione synthetase.
Vol. 16 Another major difference between the mammalian and the E. coli thioredoxin system is the properties of thioredoxin reductase. E. coli thioredoxin reductase has a subunit size of 33 000 and the native M , is 66 000 (Thelander, 1968) . In contrast, thioredoxin reductase from calf thymus or rat liver (Luthman & Holmgren, 1982) have a subunit size of 58000 and a native M , of 116000. Furthermore, the mammalian thioredoxin reductase has a broader substrate specificity and will in addition to thioredoxin-S, also reduce 5,5'-dithiobis-( 2-nitrobenzoic) acid (DTNB), vitamin K, and alloxan.
We have recently found a reactivity of the thioredoxin system with an element of great interest. Thus, sodium selenite is a substrate for calf thymus thioredoxin reductase, leading to massive oxidation of NADPH (S. Kumar & A. Holmgren, unpublished work) . The reactivity between thioredoxin reductase and selenite represents a novel interaction between selenium compounds and pyridine nucleotides of great potential interest. During these studies we also observed that thioredoxin rapidly reduced selenite (S. Kumar & A. Holmgren, unpublished work). It has previously been known that selenite shows an interaction with glutathione, forming selenotrisulphides. The reactivity between selenite and the thioredoxin system may be of importance in explaining some of the actions of selenium. Since selenite has been shown previously to react with glutathione, relative contributions and reactivity of the thioredoxin and the glutaredoxin system with selenite is a matter for future experiments.
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Introduction
Protein disulphide-isomerase (PDI), an enzyme identified in a wide range of higher eukaryotes and found in great abundance in cells active in synthesis of secretory proteins, catalyses thiol: protein-disulphide interchange reactions (Hillson et a[., 1984) . The homogeneous enzyme in vitro has been shown to catalyse net protein disulphide formation, net protein disulphide reduction, or protein disulphide isomerization depending on the conditions, and is active towards a very great variety of protein substrates from small singledomain proteins such as bovine pancreatic trypsin inhibitor to multichain, multidomain proteins such as procollagen (Freedman et al., 1984; Koivu & Myllyla, 1987) . A considerAbbreviations used: PDI, protein disulphide-isomerase; DTT, dithiothreitol; IAM, iodoacetamide; e.r., endoplasrnic reticulum. able body of evidence on the enzyme's cell and tissue distribution, on its developmental properties and on its subcellular location implies that the enzyme plays a part in the biosynthesis of secretory and cell-surface disulphide-bonded proteins (Freedman, 1984) . In this paper we consider data bearing on the mechanism of action of PDI and, in particular, evidence for a structural and functional homology with thioredoxin.
Early chemical studies on the active-site of protein disulphideisomerase
Protein disulphide-isomerase was first discovered in the course of study of protein folding in vitro, specifically the folding and reoxidation of reduced denatured ribonuclease to regenerate the active enzyme. This process occurs in good yield in vitro in appropriate conditions (pH 8.5, protein concentration 0.01 mg/ml) but is slow (f,!* 20-100 min depending on the oxidant employed) (Epstein et af., 1963) . This rate is at least an order of magnitude smaller than the rate inferred for folding of a complete translation product into a functional small protein in vivo and hence an enzymic catalyst of the process was sought. Several groups detected such an activity in microsomal preparations from tissues
